This study investigates the developmental changes in phonological representation, by examining the word-and phoneme-level specificity of phonetic imitation by children. Prevailing linguistic theories assume three levels of phonological representations: word, phoneme, and feature. Previous research suggests that phonological representations develop throughout childhood, and that phonological awareness develops from larger to smaller units (e.g., Edwards et al., 2004; Treiman & Zukowski, 1996) . It has been shown that adult speakers implicitly imitate the phonetic properties of recently heard speech (e.g. Goldinger, 1998), and recently, Nielsen (2011) showed the sub-phonemic generalizability and word-and phoneme-level specificity of imitation, indicating that three levels of phonological representations simultaneously contribute to the observed patterns of phonetic imitation. In order to test whether young children manifest similar patterns of imitation and specificity, an experiment with a modified imitation paradigm with a picture-naming task was conducted, in which participants' VOT was compared before and after they were exposed to target speech with artificially increased VOT. Our results showed that 5 year-olds produced greater imitation than and 8 year-olds, while word-level specificity was greater for 8 year-olds. These results provide support for the continued development of phonological representations.
Introduction
It has been long observed that speakers become more similar (or converge) to an ambient linguistic environment in phonetic form (Sancier and Fowler, 1997; Munro et al., 1999; Harrington et al., 2000) . Recent studies in phonetic imitation/convergence have found that this is also true in more controlled experimental settings: speakers implicitly imitate fine phonetic properties of recently heard speech (Goldinger, 1998; Babel, 2012) , and interacting speakers become more similar to each other in their phonetic form (Pardo, 2006) . Goldinger (1998) also revealed that lexical frequency affects the degree of imitation, indicating that words are stored with detailed memory traces or exemplars. Further, Nielsen (2011) showed that imitation can be generalized at phoneme and feature levels: after exposure to word tokens with lengthened VOTs, listeners lengthened their own VOT not only in the exposed words with /p/ and novel words with /p/, but also in new words with initial /k/, revealing that sub-lexical units are also involved in phonetic imitation. At the same time, the lexical frequency effect on the degree of imitation was also observed in the data (replicating Goldinger, 1998) , suggesting that three levels of phonological representations (word, phoneme, and sub-phonemic unit) simultaneously contribute to the observed patterns of phonetic imitation.
The current study aims to examine the patterns of phonetic imitation by young children, and to investigate the developmental changes of phonological representations. Previous studies in phonological acquisition have shown that phonological representations develop throughout childhood (e.g., Edwards et al., 2004; Treiman & Zukowski, 1996; Hazan and Barrett, 2000) , and that the emergence of abstract phonological representations in childhood is tied to developmental changes in vocabulary size (Edwards et al., 2004) . By comparing two age-groups of children, who have different vocabulary size and literacy skills, we investigate whether the two groups differ in the patterns of imitation. In addition, it is our interest to compare the pattern of phonetic imitation with that of motor imitation: Fouts and Liikanen (1975) showed that 8 year-old (operational) children showed stronger motor imitation compared to 5 year-old (preoperational) children. If phonetic imitation is guided by the same mechanism as motor imitation, we would expect to see stronger imitation for the older group.
An experiment with a modified imitation paradigm with a picture-naming task was conducted, in which participants' VOT was compared before and after they were exposed to target speech with artificially increased VOT.
Methods

Participants
Thirty one American English speaking children with normal hearing and normal or corrected vision (fifteen 3rd graders [Age: 8;6-9;1] and sixteen preschoolers [Age: 4; 4] ) participated in the current study.
Stimuli Selection and Construction
The production list consisted of 37 test words and 20 filler words that are highly familiar to children. Among the test words, 24 were words beginning with /p/ (12 target /p/ words which participants listened to during the target exposure (=listening) block, and 12 novel /p/ words which participants did not listen to), and 13 were words beginning with /k/ which participants did not listen to (novel /k/ words). The lexical frequency counts were computed using the CHILDES database (MacWhinney, 2000) and the Child Mental Lexicon (Kolson, 1960; Moe et al., 1982) , and balanced across target /p/ words and novel /p/ words.
A phonetically trained female American English speaker served as the model speaker, and provided recordings of the 12 target words in the listening list. The speaker was asked to read each word twice with normal aspiration, and her speech was digitally recorded at a sampling rate of 44,100 Hz. Later, the subjectively clearer token of each word was chosen, and the VOTs for initial /p/ were measured by the author (mean= 57.2 ms, SD=12.64 ms). To construct the modeled speech with artificially extended VOT, the medial portions of the aspiration on the target phoneme /p/ was copied and pasted such that the resulting VOT was extended by exactly 50ms. After the manipulation, the average VOT of modeled speech (=listening stimuli) was 107.5 ms (SD=16.12ms).
Procedure
The experiment consisted of three blocks: (1) baseline recording, (2) target exposure (listening), and (3) postexposure recording. Participants were tested individually in a quiet room in their school, and the experimental stimuli were presented using Powerpoint. In the baseline recording block, the images of words in the production list were visually presented on a monitor (one at a time at self-pace) and the participants were instructed to name the words, providing a baseline recording. The participants' production was recorded through a head mounted microphone (Logitech A-0356A). The actual wording of the instruction was the following: "When you see a picture on the screen, can you please tell me what it is?" In the target exposure block, the participants were asked to carefully listen to the modeled speech (three repetitions of the target words), presented every 3.3 seconds through the headset. There was no additional task during this block, although the images of target words were shown on the screen. In the post-exposure recording block (which was identical to the baseline recording block), the participants were instructed to name the pictures for the second time, providing a post-exposure recording. Each session typically lasted fifteen minutes. Across the three blocks, the words were presented in random order for each participant. Participants' tokens were digitally recorded into a computer at a sampling rate of 44,100 Hz, and VOTs and whole-word durations were later measured from both waveforms and spectrograms using Praat (Boersma, 2001 ) by a phonetically trained research assistant and the author. 
Statistical Analysis
Statistical analysis of the data was based on mixed-effects modeling (cf. Baayen, 2008) using the lmer function in the lme4 package for R (R Development Core Team, 2008) . The response (outcome measure) was the percent increase in VOT between the baseline and post-exposure utterances [calculated as 100*(post-exposure/baseline -1)]. This measure was chosen (as opposed to VOT difference between the baseline and post-exposure) in order to normalize the large speaker variability in VOT. Word type (target /p/, novel /p/, and novel /k/) and age (preschoolers vs. 3 rd graders) were entered as fixed effects, and participants and word were entered as random effects. In addition to VOT, the percent increase in word duration was also calculated in order to determine whether changes in VOT could be due to global changes in speech style. Table 2 shows a summary of the durational measurements from the current experiment. As can be seen, the imitation of extended VOT was observed for both age groups and all word types. After listening to words with lengthened VOT, both groups of children lengthened their VOT in the words they just listened to (target /p/). Further, the change was generalized to novels words with initial /p/ (novel /p/) and initial /k/ (novel /k/). The increase in VOT (estimated as 40%) was significantly larger than the increase in word duration (estimated as 7.18%) [t=12.95, p<0.001], revealing that the participants increased their VOT proportionally more than they increased the word durations. Given this result, it is unlikely that global aspects of speech are responsible for the spontaneous phonetic imitation observed here.
Results and Discussion
The results of the mixed-effects modeling (shown in Table 3 ) revealed that the main effect of age was significant [t=-1.977, p<0.05], showing that younger children produced greater degree of imitation. Further, there was a significant effect of phoneme-level specificity (novel /p/ and novel /k/ comparison) [t=-2.189, p<0.05] revealing that the degree of imitation was greater for novel /p/ words than novel /k/ words for both groups. This finding, together with the finding of feature-level generalization, suggests that the extended VOT in the modeled speech was coded at both phoneme and feature levels. On the other hand, the data showed no evidence for word-level specificity (comparison between target /p/ and novel /p/) [t<0, p>0.1]. FIGURE 1 . The effects of age and word-type on VOT imitation. The percent change in VOT is plotted across three word types, presented separately for two age groups. Figure 1 summarizes the results of current experiment, and plots percent change of VOT under the three types of stimuli. The light bars show preschoolers, and the dark bars show 3 rd graders. Although the mean percent increase was greater for preschoolers across all word types, the medians show very different patterns such that only novel /p/ had higher value for preschoolers (see also Table 2 ). This pattern is partially due to the large variability for preschoolers, whose extreme data points seem to have shifted the entire distribution. In fact, when we excluded data points beyond 3 standard deviations (i.e., 267% increase or above, thereby eliminating 17 data points out of 1077 observations), the model showed very different patterns of results: the main effect of age disappears (t=-1.199, p>0.1), and the interaction between age and target /p/ becomes significant (i.e., greater word-specificity for 3 rd graders). Given this result, the age effect (in VOT percent increase) observed in our data might be a reflection of the large variability in VOT for preschoolers, rather than an age difference in imitation.
Although not significant, our data also showed a trend of stronger word specificity for 3 rd graders. This result suggests a more developed lexicon for older children, which supports the idea of continued development of phonological representations throughout childhood. The data also showed evidence for phoneme-and feature-level representations for both age groups. However, no age effect was found in those comparisons.
In addition, our data suggest children might show greater degree of imitation than adult speakers. The overall mean and median percent increase for preschooler participants were 47.02% and 24.67%, respectively, and those for 3 rd graders were 26.51% and 19.53%, respectively. These numbers are clearly greater than the same measure produced by adult participants in Nielsen (2011) (mean =15.5%; median = 8.78%). However, the methodologies of the two experiments are different in a number of ways, and thus in order to investigate the possible difference between children and adults, a future investigation which directly compares the imitation patterns of the two groups would be necessary.
Lastly, contrary to Fouts and Liikanen (1975) which showed a greater degree of motor imitation for older children, our results revealed a greater degree of phonetic imitation for younger children. According to Piaget (1962) , development of imitation is a manifestation of the increasing distinctiveness between assimilation and accommodation in early childhood. This view of imitation predicts greater imitation for older children, as younger (preoperational) children have less mature representational thought, and older (concrete operational) children are less egocentric than preoperational children, and thus they are more likely to imitate the actions of a model in order to understand why the model behaved in the way he did. The pattern of VOT imitation observed in the current study indicates that more developed cognitive capacity (of 3 rd graders) does not necessarily increase phonetic imitation, and further suggests that phonetic imitation is likely to be guided by a different mechanism than motor imitation.
Conclusion
The current study examined the pattern of spontaneous phonetic imitation by two age groups of children (preschoolers and 3 rd graders) in a picture-naming task. Extended VOT in the modeled speech was imitated by both groups of children, and the imitation was generalized to words they did not listen to during the experiment, replicating Nielsen (2011) . The age effect of imitation was also observed, where younger children showed overall greater imitation, suggesting that phonetic imitation and motor imitation are guided by different mechanisms. No significant word specificity was observed, while a trend of stronger word specificity for older children was observed. The results reported here call for more detailed study into distributional characteristics of imitation data with more age groups and larger sample size.
